Peptide nucleic acids (PNAs) make a promising group of DNA analogues. The backbone of typical PNA oligomers is composed of N-(2-aminoethyl)glycine units, linked by the peptide bonds. The backbone secondary amine groups are acylated with carboxyalkyl derivatives of nucleobases. One of the PNA synthesis step causing some problems is the acylation of the monomer backbone with the nucleobase derivatives. The aim of the study was to compare the efficiency of various coupling systems in the acylation. Simple model compounds (piperidine and proline) were used, as well as equimolar amounts of the coupling reagents. Selected systems based on carbodiimides, aminium or phosphonium salts, mixed anhydride, and active esters were tested.
INTRODUCTION
Peptide nucleic acids (PNA) incorporating nucleic acid bases into an achiral polyamide backbone constitute one of a relatively new and very promising group of DNA analogues [1] [2] . In PNA oligomers the phosphodiester backbone of DNA is replaced by oligomerized N-(2-aminoethyl)glycine [3] . The backbone units are acylated on the backbone secondary amine group atom of the backbone with carboxyalkyl derivatives of nucleic bases [4] , One of the key synthetic steps in PNA monomer preparation is the acylation of the monomer backbone with the nucleic base derivatives. This reaction is a thorny issue, and yields are fairly mediocre, similar to difficulties in acylation of other secondary amines [5] . We have recently described a new method of PNA backbone synthesis [6] [7] . As the final product of the N-Tos-protecting group-mediated procedure [6] , we obtained the backbone units with unprotected carboxylic group. The other method of PNA monomer backbone synthesis is the reductive amination of N-Boc-protected amino aldehydes with methyl glycinate [8] [9] . The procedure furnished backbone units with a protected carboxylic group.
The aim of the study was to compare the efficiency of various systems in the coupling. We performed some acylation tests on simple model compounds containing a secondary amine group, piperidine and proline, to mimic a PNA backbone monomer unit with or without carboxylic group protection, respectively.
RESULTS AND DISCUSSION
The efficiencies of the systems selected in piperidine or proline acylation are showed in Table 1 .
The optimization of the coupling reaction conditions investigated afforded us the possibility to finish the development of two ways of obtaining peptide nucleic acid monomers. Basing on the experiments performed, we have chosen the coupling system for our syntheses [7, 9] , with regards to its efficiency, price and toxicity. The optimisation of the reaction is still not finished, e.g. extended studies on other bases, additives, solvents (ThyAcOH is poorly soluble in DMF), reaction time and temperature, and coupling systems are requested for obtaining the best results of the synthesis.
EXPERIMENTAL
Thymin-l-ylacetic acid (ThyAcOH) was prepared from thymine and ethyl bromoacetate, and its pentafluorophenyl ester from ThyAcOH and pentafluorophenol [10] .
At first, the main products of the coupling reactions (piperidine thymin-1-ylacetamideor N-[thymin-l-ylacetyi]proline) were isolated and characterized. The coupling efficiencies were assessed using the analytical RP-HPLC, eluent was monitored at 254 nm. The peaks correspond to the main products of the coupling reaction and to ThyAcOH were used for calculations. For calculation purposes the absorption coefficients of all three products were taken to be equal (the main chromofore in each three products is the thymine residue).
The coupling reactions were carried out as follow:
1-3. carhodiimides: 0.0002 mol of ThyAcOH and Pip (0.0002 mol) were dissolved in 100 ml of stirred DMF at 0°C, then carbodiimide (DCC, DIC, or EDC, 0.0002 mol) was added in small portions. The stirring was continued for 60 min. at room temperature. 27. isohutyl mixed anhydride: 0.0002 mol of ThyAcOH was dissolved in 100 ml of stirred DMF. After cooling the solution to -15°C, isobutyl chloroformate (0.0002 mol) was added. The mixture was stirred at -15°C for additional 2 min., then precooled (-15°C) solution of Pip (0.0002 mol) or Pro and DIEA (both 0.0002 mol) in 2 ml of DMF was added to the mixed anhydride solution formed. After 30 min. of additional stirring at -15°C, the stirring was continued for 60 min. at room temperature. Table 1 . Comparision of the efficiencies of the coupling systems in piperidine or proline acylation with thymin-1-ylacetic acid. 
